awH^s^ffiPir (jp> 02) §fj 5^ $g (a) mmmurn'ms^ 

(43)^|gB ¥fii8^(199G)12^17B 

(51) Into." MME* ff\H&m»n FI atfi£*ffiffi 

A 6 1 M 29/00 A 6 1 M 29/00 



ssEgi# max mxmn&s ol 9y®\§mm (±52 h> 



(21)fl«#*t 


#K¥8- 100622 




592222709 










(22)mBB 


8^(1996)3 /5185 














(31)«fc#£3B#^ 


08/404488 




95052 -8167 U-f^» 


<32)«5t0 


1995^3^170 




*fF H*-f# 3200 3nxh *7-<X 


(33)«$fc|fc£3fcll 


*a (us) 




58167 






(72)&«E# 


















94087 tfn-ijfx-f Jl 3^3.37 








13— f 548 






(74)ftSA 













(54) [»«0!>e«] fift«rt*7>*-X^>h 



(57) [Bti] (ASiE#) ' 

a* £ , x f > h ##K®K98tc fc*3r«:i&tii> . • . : 




(2) 



W-8-33222 9 



ft#&§^f*ic&£ i ^^WCc^S^^iC{fij^/c 

r-> K 20 

th 1 ^<DRHffi2B3K(Z>99tt. *r> KDft3#l8N!>- 
C 5 "CK»#fiJ 5Cffi L T I > S C <t cb T &fi5*if 5 

i. t Z 7 (CgB*S©flR«rt ^7>*-Xf> 

ho 

Sn-C^*H»onH»»5R<!:. ffl»OR«»S*©»".-.-;- 

ffi»»*cjBflt?n/c, a»fl[)sfe-5fciWi»A*(tA-ci,>.--".::-- 

^Wl. £RWJB»*<&Mtt&*. h 



[000 1] 

EMU J: 0 JH8B^:«il»OttMaoj:5«ra 
[0002) 

&HttOttM9r* *) , Chit jfo-&#flE&Sh£ttlK 
KtcHtt S $ ft WS&8##£ U , - 1 * KttBWT z> t * 

u«&*«^fflj(ii**?i#iigc-rte-€n3&s**. barm 

J^£Ttf^lMR*aMU S&HH J^^tO^U. ¥3C<D 
5C. t^P>^, fSiDACRON^TEFLONil 

« 6 5 ^±r'* 0 . SS*^««C[ ^flHfl!CDftl»^«* 

.5^- fe>hjy±K:tt*) . . . . 
Coo 03] ja«©^**w*i6io'a3&i •'urrtft'^hte.-. 

^ <d tc® u ft. ^7 ^ - y - ;k 7 ^ :wf6©«acc * :. 
..«urfTteh*..Wilt3W«bllW«:fi[^A3h 



(3) 



1$&R*8 - 3 3 2 2 2 9 



co^ AffliRCDSt t BS3Mf cc tt 4 J: 5 «c, JDRB©BiI!IIS9* 
[0004] »Wt*BKr*fc»©R#tf S/^f-At 

ji»D?tfnri^»ffls/^^A*s»i6nrt»4. Btftw 
c 6 r 6 cxr i » s * * - ^^ir^ 4 . 

ft»4. 7 8 7, 8 9 9^ PJ!&4. 1 04. 3 99 
^ k 153^5, 2 1 9, 3 5 5^, fcJ:t>'(H]^5. 2 7 
5. 6 2 2 ^CietS SftTl»*. ««Jt*iiSHrf **IS 

or, * u «««©ttnoiH^ 6 flnEEiit» * n ? - f ;u 
o*H/tt. w«»^^^A©iiatmo{t*ff«H4w 

W^>^rAii, 3Mtt^6 Tn 1 T I NOL J i L/t? • : ' 

v$> K) . c fit*. Kffltcaiar 4 i^S^ffij^cESKT 

4„ ffiffiT4flX#c-t'>x^ACD^3^rfpi^S« % . MK>':. : -46 : . 

¥S^<d^^ ^ &r 4 s s v & im\z ...... 

HF»4 . 7 3 3. 6 6 5#tC32ttSnrt»*^<01RBV-'.'-."- 

(0 0 0 5 ) ttUBi^^-r^/cft^^ ■>-i»ttotE'-'" 
av^f-AiittcftfcWfijccffifflrs/cftw:. *t*>. 

£frt\, *x>Nix. tt^o<*ao)fcMei8*-a^r*''-"; : '- : 



sta ^ a cc cfc * =?r t «c w n« 6 & 

fa^xf-A^tiig^nro^^, .2$ im$a^±ti 

^./c^^^AWS^^nrc^jrCi. IiaJASiM^iiifilR^ 
(AAA) (D^m<DtcSb(D7s^> K0M3&T>#-y 

»«Jt«r@^-rs©Jcfi!s-c*4 0 cn$r, 
r^^t5M©a6M^^^T4<Dtcmgr^o/c 8 ^ 

[ o o o 6 1 ffi#9 < te^tcmzfrzM^mcmmrztc 

ifr0tctb«gW/h3tt#Aa fr6tfc«W 
JK««tCffi»L r S6IRJS©aJfflCCi| («g 3 n/c^SE^HJt 

[0 0 0 73 

S (4#tc. KSBAWlMOSIllliUS) >';tem?Ztc#)<DXf- 

■ »ii>}-aiai^^^A}cfie/i3n4*T>*-^ 

: SB^Wtc^K: i^j < mk<DW&mt h hr i © r • ■'■ r 
SWfetifc^»(DiWcc<fc*3;. w*/%ff-< amwfr@ 

$ ^ 4 c b tfi-c #4. r > * r - x ^ b h :'bt; 



(4) 



EfM-*8-3 3 2 2 2 9 



Wot, »JKH9©^*< tt±*r^»JRfi«cSiJ3 5 

7?*Xtt«l*{B*ri>4. £t>*7-*t-> hi*, ft 
[0008] c cr«as*i4s ratiu 

eci4c^^tc< £fc i o©jn*w i/ci>4. 

* -r > h *f*B«:8tftt* 4 fc »0iR?B»te * 4 £ * ¥S 

ufcRHB«*o**fflSicaist-a/c»o«a©iis 

fa©3^*-££WLT4sg. ¥6£r>- htflsftt. 1K 

1 Oth««toa 1 <DSS7¥fiJ*88B£; : 40 

*J0, »l(DffitaJl^£»2 0ffi*i«*B, Xf>h*" .... 

si. fc<fct>'^pj^ti^»;v--^e>^4ap3&>^. ; 

3Beufc4^flWdttO*4«f4'C»jatSh"Cir>4. .. 
[0 0 0 9 ] Sc4**fe©»«-C« % ^7>^-Xf>F.:. . 

(4JS«:jB^riS(4{4a«»tb3n4J:^«: % 



> hffifif|E«^:ttMK(cKftV4^ «><c. h#f£ 
SBBftfc * 4 £ * CC*»IIMB©«B & M^CCf ij 3 4 £ 5 

tte>*rtt>4. it. at4St«-o*!B-cw. — *t© 

4r, ffi^3&sat4»o£c4'C 1 ^ .*-^tt»liK*tcw 
(■fcf&*vCl»4. Xf-VMi, #4rtt£*^>b#K«R 
0T*Stt«K:*4£*, ^f->F^«MSWt£*»£* 
4«fc5K:. Kfal$*vct>4. J*?*- KORfffi&WRK: 
ii. »fflJtfeJ:^^r> ha&*«*«i»RSec9cftW4 
ozmiztcisb, ffi&K<D&$<D'Ste< th— Vice-? 
T. «IIWO±#£T*©£C4^*»l«<0««att 
8fetc$ij$4fc«?>OT>/?-^S:ite^rti4. 7>#- 

^tt«Ril^H5e-r4J:^tc. 1 oj.;±o^a^rWT4m 
^0^«0*>(Dr*4 u 

[0 0 1 0] *«H"*Jj:Cf^^>HittflEB. ^ffi^T* 

r. ■uw»*rswcaaiT4c£^'c*4. aitB© 

4/cto, «^O^S4fl6ffl'j-4C£3W'C#4. ^fi©£ 

low. mm±<o^f-> ht^;i->{cfiH»r4<D*j 

l2lT©»«B«cia?l!*HtfC£«cJ:>j. ^^a^&ccAjr^r 
[0 0 1 1] 

llSSPAKiMOaM®^^S^4/c2*Xf-> h^ . 
•J^KHS-r 4 (DtcS^r * o fc„ T > # - fflJWiMaiflf 

■iaisn'4^«i«©«i(»«, »«*ft*a^fcHj&r4-.: 
«$n4ias4#ffl-r4£. #*« : tt.. gMbfcjritev 

•Jfi«r4fc» fc ^tcsfrJUR® (£0te^,.:ffi»^M*«r 

£ £ b«:ffiffl3 n4M^^T > A - Xf> h ^Ji^-r 
4„ 0 1-07 *#JHf 4 »flB©lllWi*r>-#- 

-^^>> iott, ffl»©RB»y>yi 2^mr^ 

0, R®^V>yi2^ ^f*>h^resa5{iC0£C4. 
T^ijt^^^4^^m^S.<Rr4J:^CC^U 
T l>4*Sifi2:f*<DoJ^tt^«^ ^^.cc«®gori^ 



(5) 



1$RI¥8 - 3 3 2 2 2 9 



£OfcRttttfi«*fctt7>:*7-- 2 0 2^ W&B*)>if 
CDS l 8©tB»OJ1-**C|SjC»fcHa[<Dtt»fcRW6ti % 

#* W^ffi<D»Srtt t SRSB&gjRtt* ^r>*- 

T&O. &&l,l>mb<D&1&-Cte> *ir>htt, 
mc8-?<D&%mLXte*) % Chit ';>y^CC80CD 

[0012] Xr->UXI®CDE^14^ 5 , X«r> h 1 0 

l* — tf^.WW, XttttWWSftn: (EDM) SfCc^o 
r. Wi^-httf4^6M$h^. *x>h<kttSiJ 

aW^rfcctl*. Xr>F©;${$tt, iflWi, Xr>h 

a iffi (Ctt^i: ^ L tl»i. 7^>f- 

£Ri^frlc[lltT£fcgnc, |l^t/c^f>KD 
##©fiS:frft»g&2 8. 3 0tt, iSJg. *>5*W. (J 

&£#[°!*iS|52 8, 3 0£5l,UC^t£LT*^> 

h>JCiA-7;V^^A-^^vh (YAG) U-lf 

•^a-^tt^tofc^-r^h^. AAA«a*s«fcW!IIW» 

^fc»ffiK-asHtf§accfci>r«flir*^^ 

-C&£„ W£L<tt, Xf->hl0ll ^t^U*^} 

tt. FI^WcA^^huCC, ^f-vho^^rek:^.': 
ra<0. 63^>^) r*D, ©£LlSift5. 1-5 • 
0. 8mm (0. 2-fa2. 0 Of ) t^.;^aJ V:> 

tt i 4 KSg y > yxw^o K©ffifT«»©rtiRi!«;v 

HU%JiJOSaP"C©«^:iH««ffiWCC«, #J0. 3 0mm 

(o.oi 2-f>*) r*o. &r>#^fip^9ij©2>*. '":/ 

7 KDfiSttftSWKH*. W0. 51mm (0. 0 2 0 ; 

* « t> as # +ffi©aBE»; mmic • '../: 



[0013) *r>h i o&%ftt>t\^hUis- ha>e> 

Dos. ^ffi&i^itc^-tciaaB'r ni»*y>yi2 
^aELfc^^>h(Dfis^wg^««jo. iij i e 

i 8 iQffl©i$B©ag a, h 
©att*j£#£¥ffi*-t*J:5<!:L KCDiijtS 

^ y >^racDt§si^fl: i 4 tt. 

X. W£L<tt, &T>t>-Zy- st1fi&K9»J&tttCt> 

T. *HS3t*S«l 4«cJ:SRlH»;>df©c©J:^«cil 
«Stt, fi$#i^tt«A©*toO<C)-WI*r6iBgSRcoH. S 

*«> commix, msmoxf- sbomttizmm 

U <fc{3*S— KH3R3-tfS. HffiORtWJB 
[0014] *KSRJBttiH55R^it(DM*tC*jC»r^f- 

^Hi^ia/wcb, »fflwsr3a#-r-»i4ie©sB»(Dat!ett 

T R«^.!/>-y&aiS«*fi: «fc -,r ;: *'©»8SPS* 
6 5 ; Mt, Oj i@ i<OPae:iS-tc»ti : S R 



(6) 

9 

Ctt*«'Mcr*c t\t % JfiLS©»fiS©fiS:l«tt*«^«: 

[0015] K^ftWO^-ttttHU:. *r> hcDl$^ 
©««X tt H (S5^ 'J > ^(CflDx. 6 n * «C <fc 9 X r > 

SOfiEfiCc J:S*ttMfi^©^f-> h©l3Kt*"5JtKc-r 

**a*©:7a^X©I*fflU:, *i^ffll^0 8/l 

7 5. 2 1 4^fcJ:^'fa]^0 8/ 1 6 4, 9 8 6 ^CCIB 20 

« . -^6 & 5> - b x « * * - ^ita* e < m x » > y 

& i cDSit^c j: o x * - >m&<offin £ tc \mifi&i& 
m~ mRvmrnzim-r & c <t «c * -caaiis h&. 

x^> C c tSH L fc/J\3 ttTfi£QM«&#« 

3 ft -6 1 # KiflS©;&i£©4$» £ ft * ^ «j ft £© l » H 

hXtt** 31**. Xfi?9R£t;J:> x 30 

fcf*jc«ffl**©#j:i>. xf*>h^M« % &>o. oo 

13-0. 0002 54 (5-1 0v^i?p^>f) tc 

«#<©«£.#&*. ft^Mx*^>m h 

C¥6tts/- h±riS|B»{c^< ©xr> h *<WW«:x. ■ 
x ? * > >/ffiT tt . ^ tfij&iSL 3 n r . — #©$!©* £ 40 

m»?5f^-r £ c £ >e £ r , x > h ©flbttWttrtfiW)" 
v*>^i, ^S^^^SSBjCC^ffiL/ft^. ^ " ... 

C±tf^#£©CC*tU ^--:7£X:,^>^T£<J:£ ■ 
tew. rtSteWoSMh ft&Km«049A3tiS. . 

ftftswcx y-r "xf- 7 ^ • . so 



«f»"8 -3 3 2 2 2 9 
10 

x?*>$r £or&6ftru*;*;£ft<£jrr*c<t# 
0©««!K:*^ 7 7" • 

■C. Xf*> h*«BJ5BU/c<S:*«l^S^a^&J:^CC. 

is-bTJ&f&ZtiX^&m'StclZ^ i^©Xr>h^ 
WJJlffii (EDM) tCct^ 0 E DV^f^fflOr, Xf> 

L/x«ft¥^fe2/- hx«^*-^©ap»^6jgj5S-rs 

S-Ctt. h 1 O&^T^^- 2 0ft^x>U7s« 

mz. %mmmmmo 8/233. 0 4 6^ oh* 

[0018] ^(D^f>f 1 0&, ^f>l/^(D 
8/2 3 3, 0 4 6^CCg3^3nTl^. *«M©X^ 

> h ft^fflK-3§m->x ^* Acca*i2-tf 1 o©»^ i>^^ 

S8-S1 occ^3*rri>2 0 3IW'>xf-A50 
tt. Xf>h5 6. 5 8 %ftLX%W^M<DMWm® 
.WftR:^*- ^t^ffiK-5 2 «E»rr*©«:«93n . 
.^>. ^>i5 6. 5 8©«lii, 7f->hft^ST^*t 
.**. ^^>htJB«r*©«c«ffla'tiS*tttt. Hl- 

^©^»-^(»ttK*J:r/»«a)^ft 



1.1 

£tsm*<DMffiKicr>i f ixm&Zt\Z>c£*:mai,Xi,* 

[0 0 1 9 ] Iffl^rAS 0M\ *f-> hRO'if>& 

C>T^3ft£ >#r~r;U6 O^WOt 

l><5. fcf-— fMbtt, *<Dg3icft^Tj£tffcSl<DM/ 

aHILTl**. ^VU->«. ^*^AS;(£/8L>T6SgT 
5 C i «r*H U T ^ 45 «f©»«>tOfi 3 <* 9 <> fflfrfc 

rt"--rf>ita3SA3ft*. *f->h5 6> 5 8*flPWt5 
2tcRttt?ft:ift. *r—7^JU6 Ocojftffl§S(c^fijtfe<t 

KSttt*. &^t"> h#/^l'->6 2©±«cffiBU & 

c©^£"^W£*i*tefc£J:5K:, &B«tf>3ftT 
1*4.- RilElgffi ^iSliS 3 ft & £ r Stt Jt rt* C ©fiBtc 6g 

^OWAmiCC, 20CD^7*>hd^S;l,-.>ccfflL/Ol^6 
ft*i>tt u #*)>7" 3ft£. a?Si7j£tt«ttntcBtt 

oTi®ift3 ft 

[0 0 2 0] #f*-f\>U6 0tC«MCC 4 £/-^6 4aOSR 

£f* * * f — ^ Jl/ K (S-}#T S <D 4 ffltt , ; aiffl 5? * 
r A SrfeSBMi $ x mm 3 £I8CCM£# £ ; 
SSSM £ 0i£ L T X y- > h ytlt»^SJi*0K::. : - 

r ( £{£<2mk ) jRfli 3 it *> c t w x £ *'*-y-jpV'-a-V : .-V 

JitS 3 ft . * f- )io& 3 ^ r ffittffiBfc'Kt* r : •;■ 
^r-f-^Ofi3^{*4«W^4->-X::. 
A*D«efl.fr6 (iM(lB6c).jR«*S : tf 8 riMi::. 

MX. #4 ¥ 7 W +• 6 8 tfSiiT 4« 2 AO*-*-* 

i iniii5 4 ©8Mt*jBitr < a«oiiiR»»rt*«rji.-.. 



(7) «fRI¥8-3 3 2 2 2 9 

12 

tt. F9-f^±«:*Mffl3ft5. fWIKfcJ:^*^ 

7-r-t\ a» K9*ttffluraGlBttt*ar«j:<j|i 

10 :>*rA£{^-r6C<h*>T££ 

[0 0 2 1 ] a8«-^BSWttto%!!iJ2 0#, h 5 

8<D-S3«cSor»W6ft. «»ityc % «tftW"*f Jicx^ 

r>h 5 6, 5 8ii, ^f-^l/.:j;ot8a)T-5 20 

20 LT\ ^f>F 5 6, 5 8*»ttf5 2 GO&tttt T<> J: 
feJ:l^ ^f->h5 6, 5 9<D'J»£< tt>— tW&tMft 

+ 6 8 0iSfiB**l»C^ % ^|^^ttl^^f-A5 0 
©SsRO^T**, *«>t5 2*j<fclX^f->h5 6 % 5 8 
^ie^3ft^SJcDli)M?t5 4<Da<i(iB^f4SK»«>3ft 
/d#£BT^3ftTl>S. ^f*-f;'/6 0©2/-^6 4 
30 /^l/->6 2©**>0tcl2B;?ftfc»«>}-fcJ:CX^ 

(i . U IK A B 3 ft X l ^4 *«M< >B«tC A ott^. 
(H9T1i, (ifittfiB) *:B*3*iTlHiK-*5 

> hffiS£f*^»l»U94JKA9tcai0ffl3ti 

r > 6 2 « v w©anjEiffif*ir tt t> 

40 «*^ci6MMlr 2 ccj^Locts. ;;f->h5 8cca#k 
ftfcjiJ2 0 tt, ^aftJ0RIS7 2 1ca^^*fttctfc®{C«: 
0 - % T^OffijMUDJI^tFi L r hfocfc * ^ > h jftfi 

■r.jrtti^taEBs*^" Ei 1 o -ctt*. ^te8B»iai&3 

. ft. C>^ r-> Ffflfi:(*I.C;. 

v:;o»&B^«9;:^MS7 

50 ;ffiS"DACRON" <t IsXf&tti-tlXl,* U 



(8) ^§9^8-3 3 2 2 2 9 

13 14 

>7-u7*l—k mw<c£*,zffim "teflon" i8-ii 2<Dm&<DBmx{&m^fttci&mn*s£vx 

Atc«i*ii^cOTa>»*Li>»tt^ia i i fccfctf0i 2 8*JnE»(t-r&fe%3tfxrtt^j!^ mmt^y 

*C/n£irCi>a. COXttQJBSB. H8-H10rtt h 4HB$KlKR§-ti\ ttKfl©ja{ £(ajB"C»0 2 0 *^ctt 

2^cc)X7 i >h^flSffiSnri^cDCcjEto, Si iw l«7 2«:»uows. i*S8ttt£**i* « 

i£— <D*:r> Ki, ifiLEE^l OOmm/Hg^fiit, # [ 0 0 2 4 ] m 1 5 *#NH"r* «MSrt^7>#-;* 

tc»«jt©fi(4ia*^tc^T*©tc+*r*^^:«i flt-r-saKoniBHKv^^i i 2X5. jaaawi i4K 

K«:*j^raLri»*. sbwaso (si i fed: Jr^rst^ciKSSfirfcg, m\vn 2 2WciH5e-r 

Cfl212)« t MW^Cl6J»0«6lllRfl5 4 0Tffififil[aa ^£*7->h<DS§Bl l 70iC^rM< <!:*> IOCD 

Ww^nrt^. f;U6 occ^M;i-*5<to'^^> 20 1 2 40chc6-ccDi|nji 2 cm, hco^as 1 2 4 

*6 4tt; ~KUR*jI*&fijc>l&. ^6 4^M «:!B»l,r, W!S^n^xm^'^^^T> hm& 

■k:HlRtT|IUi**EBf sat?, ^(fiK-^^Xx 131 6 £#JW£<t % usert^T 

^■r>hiaiL^^«)Me7 2fic8(ft4^«j:9<c: % *iar». *^>h I 3ocog|®{;:, R^«;>^13 

iatt{S[B©Ria^a*l 2*^5lO'rt>*. 01 IfcJ; 2©iUL 3 6iSl 3 8cr)*ffi«,-tfRBf»S*l 3 2 

W3 1 2£#J^£±#fr£<i: ; 5K. xf>F(J, »m 1 3 4<D^®tc^g;3 ftfcjflj 1 4 0 "CIS 

TfcO. f-iI/6 0O/<J^>6 2<D& 30 w<Htt«£«#«-S. 0 1 7CC7j;3*i*J:5K: % 

h«^ffliti|3IB$tClg?^b, S12 0 5&ttJPRa5 4©ia(4 PlffiBO ls#<0\kt®<omMK& 1 &aM I 4 2 

[ 0 0 2 3 ] »4i>tjiffl^Xf-A«cfct»r**!B<DXf- .W^WiLr©^^BBat/T*«l9CC^U»rSl?8 

> h 4ffi/J3**»iJ©^ffi©»«#. d 1 3 fcJrtfEI 1- 4 . . . . CX Steffi* M»<Dm<DHmiCXy > hZ^TZ t t 

> h 9 z<om i oau»*«*ajt5 2^is<a{ait«:so\ 40/;^ 

*wt 5 2 tjB^rBv-c^s. h 9 2©m 1 (dsp : . :^T©iiiR : #rcD»tt(c*fu-ca*?K awii.-ws'tf". 

5>9 4*J:c«B2©«»9 6 ORfS^SRii, H 1 «c J: , 

r. ^^>h9 2<D^^^l4^(ci^}^ra I J^/c^s-o , . ^c<b«- ^^^ar*^^. fe-*x\ *mi<D 



(9) 

15 

[0ra©fifi}i&SftiB3 
M0r&s o 
0r&*. 

®0-e&* o 
0r&£. 

CH7] H6(0«7 - 7CCi3^/cXr> KD8ft»<Di[ffi 

[08] xr> hisJ:O'^ta>t^^ffl0ieS-r^/cfib. 

X—ssr-y h MIItM^ 20 
[09 ] *£«Jt*sJ: HHSL*30WIRSO[>fa««c 

0T£>* O 

[HI 1 ] »M«<Dfflii8^fi>tfc^^r>hfflS» 



mi 

16 

: < ZtfrWiWiLWm V h £ c 

[012] ^IK4dJ:0'X7 ? '> K 

5- a cD§p^Sifflit® 13 r £> £ . 
[0 13] *£ffiK-*Jj:tf*f>h 

■J\ S1I)tiMm^^7"ACC*^^. 

[014] »«jt*icfc^r> hi 
*7*A£^3\ 0130^W*>X 

[015] — 3&{c-#[fij!cr6]i,>fci 
[016 3 x^>h©ntB»B*i 
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1. Title of Invention 

MULT I -ANCHOR STENT 

2. Claims 

1. An intravasrular multi-anchor stent i or 
irspl anting in a body lumen, comprising: 

a plurality of c/lindrical elements which are 
substantially independently expandable in the radial 
direction and which are interconnected so as to be 
generally aligned on a comn.on longitudinal axis; and 

a plurality of said cylindrical elements has at 
least one barb that faces partially radially outwardly 
when the multi-anchor stent is in an expanded 
configuration for attaching the stent to the body lumei. 



2. The intravascular multi-anchor stent d£ 
Claim I, wherein each of the cylindrical elements has a 
plurality of barbs that facs radially outwardly when tie 
multi-anchor stent is in an expanded configuration f di 
attaching the stent to the body lumen. 

3. The intravascular multi-anchor stent ?f 
Claim 1, wherein each of l. he barbs faces in alignme.it 
with the common longitudinc 1 axis when the multi -anch- sr 
stent is in an unexpandcd configuration. 

4. The intravascular mult i -anchor stent ni 
Claim 1, wherein each sail cylindrical element has a 
plurality of barbs. 

5 . The intravascular multi-anchor stent of 
claim 5, wherein each of said plurality of cylindrical 
elements has a serpentine shape with a pluralxty of peaks 
and valXeys, and each of said peaks and valleys . has a 
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plurality of barbs, with each of said barbs of each said 
cylindrical element being adapted to face substantia lly 
in the same direction when said stent is in said exparded 
configuration, to provide a directional gripping action. 

6. The intravascular multi-anchor stent of 
Claim 5, wherein said barbs of at least one said 
cylindrical element at one longitudinal end of said st ant 
face in a first direction, and ;said barbs of at least ^ne 
cylindrical element at an oppcsing longitudinal end of 
said stent face in an opposing direction when said st.snt 
is in said expanded configuration. 



7. The intravasculc.r multi -anchor stent of 
Claim 7 , wherein said barbs at said one longitudinal <nd 
and at said opposing longitudinal end are pointed toward 
a longitudinal middle portion of said stent when s^.id 
stent is in said expanded configuration. 



8. An intravascular multi-anchor stent lor 
implanting in a body lumen, comprising: 

a plurality of cylindrical elements which are 
substantially independently expandable in rhe radial 
direction and which are interconnected so as to be 
generally aligned on a common longitudinal axis; and 

a plurality of raised, pointed direction bumps 
formed on a surface portion of plurality of cylindrical 
elements . 



9 . The intravascular ^multi-anchor stent of 
Claim 9, wherein each of said- plurality, of .cylindric al 
elements has a serpentine shape with a plurality of peaJcs 
and valleys, and each of said- peiaks and valleys has a 
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plurality of barbs, with each of said barbs of each :said 
cylindrical element being adapted to face substantially 
in the same direction when said stent is in said expanded 
configuration, to provide a directional gripping act:. on. 
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3. Detailed Description of Invention 

BACKGR OUND OF INVENTION 
Field of the Inv^ rinn 

This invention relates generally to 
endoprostheses and, more particularly, concerns 
intraluminal grafts and stents for placement in an aires 
of a body lumen that has bee:n weakened by damage or 
disease, such as by an aneurysn of the abdominal aorte . 

Descri ption of Related Ayr 

An ahriominal aortic aneurysm ("AAA") is in 
abnormal dilation cf the arterial wall of the aorta In 
the region of the aorta that parses through the abdomin.il 
cavity. The condition most commonly results from 
atherosclerotic disease. Frequently, abdominal aort:.c 
aneurysms are dissecting aneurysms that are formed wh<m 
there is a tear or fissure in the arterial lining or wa! .1 
through which blood is forced and where it eventually 
clots, forming a thrombosis thst swells and weakens tie 
vessel . Abdominal aortic aneurysms do not cause pair , 
but are easily detected ir a thorough physical 
examination. if the aneurysm is not detected ard 
treated, it is likely to rurture and cause massive 
hemorrhaging fatal to the patient. 

Treatment of AAAs typically takes the form cf 
arterial reconstructive surgery. One such method is 
bypass surgery in which an incision is made into th=> 
abdominal cavity, the aorta is closed off above and belo* 
the site of the aneurysm, the, aneurysm , is resected, ..and 
a synthetic graft or. tube -/siied-'. -to \>a^oximaCe. : -'th-3 *-\;.V'^'' : 
diameter of the normal aorta, is sutured to the;vessel to 
substitute for the area aff ec ted by the .aneurysm and." to • .'. 
allow blood flow through the ^orta- t '. ' 

The graft commonly i s fabricated . of ... a . bid compatible . 
material that is compliant ^ 
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synthetic fibers such as ^hose manufactured by the E.I 
duPont deNemours Company under the trademarks I1A.CRCN or 
TEFLON have been found to be suitable for the 
construction of the graft. studies have shown uhat che 
mortality rate associated with this surgical procedure is 
favorable (less than 5%} when it is performed prior to 
rupture of an aneurysm. However, patients having an AAA 
are typically over SS year of age, and often have other 
chronic illnesses which increase the risk of peri- 
operative cr post-operativ€. complications. Tiose 
patients thus are not ideal candidates for this typ i of 
major surgery. Further, it has been pointed out :hat 
this procedure ia not often successfully resortec to 
after an aneurysm has ruptured (the mortality rate 
increases to over 65%), becau3e of the extensivenesi; of 
the surgery and the time required to prepare a pat:.ent 
for it. 

Another procedure developed as an alternative 
to conventional surgical methcds involves placement of a 
graft at the site of the aneurysm. The graft is deployed 
there by being routed through the vascular system carried 
by a catheter, wire or other device suitable for 
negotiating the vasculature. The graft and its 

deployment system often are Introduced into the bi ood 
stream percutaneously with a femoral approach, and the 
entire procedure can be performed using local, rather 
than general, anesthesia, 3nce the graft has teen 
positioned at the aneurysm, it is disengaged from the 
delivery system and can be aiffixed to the aortic *all 
both distally and proximally of zhe aneurysm. For this 
purpose, grafting systems usuaLly include fixation means 
such as staples or hooks which can be manipulated and 
driven into the intima of the vessel via some mechanical 
feature of tne system or* alternatively, by some physical 
process, such as expansion of the graft thrcugh 
application of a pressure or temperature . change , To 
avoid premature detachment of the graft and to prevent 
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the attachment elements from damaging the vessels or 
halting the forward movement of the system while the 
graft is being routed to the treatment site, the systems 
often are provided with a feature such as a capsule oc a 
sheath chat protects and contains the graft until s jch 
time as deployment is desired. 

Once the graft is in place, it is positioned in 
the vessel spanning the site n£ the aneurysm such tiat 
the walls of the graft are generally parallel to ::he 
walls of the affected area of the aorta. The aneur^m 
thus is excluded from the circulatory system by l.he 
graft, rather than being resected altogether. 

Grafting systems are known that include what 
commonly is referred to as en" attachment system i or 
deploying the graf z . The attachment system typically is 
a tubular device which is fitted inside and is generally 
coaxial with the graft, and can extend beyond either or 
both of tbe proximal and distal ends of the graft. The 
attachment system often has a 1 it t ice- like ox* open weavr e 
structure, which provides it with flexibility and whi -h 
promotes rapid endothelial tissue growth through tie 
structure once the graft has b.-en deployed. It may :>e 
provided with additional hr>ok-like elements f :>r 
penetration of the intimal wai;.s for attachment of t ie 
graft to the aorta, or those hx>k-like elements may >e 
provided on the graft itself. Graft systems of the ty>e 
described can be found in U.S. Patent Wos . 4,787,89 i; 
4,104,399; 5,219,355; and 5,275,622. 

The actual function of delivering the graft m«.y 
be accomplished by inflating a galloon of a catheter }.y 
introducing pressurized fluid into a lumen of tie 
catheter from a . source external ... to the patient ... 
Inflation of the balloon ' appl^ 

and any attachment system supplied therein, which extends 
radially and presses the graf t and attachment system into 
the vessel wall just above and jiisfe below the aneu^rysn . 
When an attachment system ic used, disengagement of tie 
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catheter from the graft also has been accomplished by 
taking advantage of the chemical properties of the 
material from which the attachment system is 
manufactured. For example, a prior art attachment system 
may be in the form of a coil cf a nickel- titanium al.oy, 
available from the Minnesota Miinuf acturing and Mining CO. 
under the mark "NITINOL", that will expand radially upon 
being heated to a higher temperature. The longitudinal 
dimension of any attachment system used must account for 
any reduction in length that might result from radial 
expansion of the device. Other devices used to attach a 
graft to the aortic wall for AAA repair include 
intravascular stents of the type found in U.S. Patent No. 
4,733, 665. 

In order for a stent to be used r.ost 
advantageously with a graft, deployment system for 
treatment and repair of aneurysms, it is desirable for 
the stent to toe composed of a biocompatible material and 
simultaneously to be flexible enough to comply with the 
catheter or other element used to route the graft through 
the often tortuous vascular path to the site of the 
aneurysm, and strong enough radially ro maintain patency 
of the opening in the graft o.ice delivered. The stent 
should be well suited to deplo^nnent by a delivery system 
that is not overly complex, and that is reliable and easy 
to operate. Further, it is desirable that the stent be 
expandable, so that upon application of a force or 
physical change from within sufficient to cause its 
radial expansion, it encourages affixation of itself and 
the graft to the aortic walls. Although various graft 
delivery systems have been proposed, none" adecjuat sly 
provides all of the desirable features. ......... 

Proper anchoring of a stent for treatment of 
endovascular abdominal aortic aneurysm (AAA) is essential 
for securing a graft. Heretofore^ exact placement of an 
anchoring stent with anchors located solely at one part 
of the stent was critical for:: ^ 
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for repairing zhe abdominal aortic aneurysm. In 
addition, it is possible for the area of the aorta wh^re 
anchoring barbs of such a sterJ; were deployed to be i.ot 
healthy enough to properly secure the entire device. It 
also is desirable for a mul -i -anchor stent to have 
anchors or barbs that present as small as possible of an 
increase in the insertion diameter of the unexpanced 
stent to provide a low profile during placement in the 
abdominal aortic aneurysm. 

what has been needed and has been heretofore 
unavailable is a stent for use in combination winh a 
graft which has a high deg.ree of flexibility far 
efficient advancement through tortuous passageways, whirh 
can be radially expanded fiom a relatively small 
insertion diameter (low profile) to a relatively lar-e 
diameter without substantial longitudinal contraction, 
and which exhibits mechanical strength sufficient :o 
adhere to the vessel walls and t d maintain the patency of 
a synthetic graft implanted at the site of an aneurysm. 
The present invention meets theMe needs. 

SUMMARY OF THE INVENTION 

Briefly, and in general terms, the present 
invention provides for a multiple-anchor stent for u;»e 
with catheter-graft delivery systems for repairing 
diseased or injured vessels, and most notably for 
treating aneurysms, especially aneurysms of the abdominal 
aorta. The multiple -anchor sten : provides a plurality of 
barbs throughout the entire circumference of the stent 
that face partially outwardly when the stent is in an 
expanded condition/ . so that ... eixact .. placement . of V the 
anchors is less critical, and; ^ 
the stent will be anchored 1 ^ 

the stent to be properly anchored in t&e abdominal .aortic 
aneurysm. The large number of ;ter^;ori' the - nrnltipl«»-" 
anchor stent also allows the iarbs to be made smaller. 



reducing che insertion diameter of the stent, while sr. ill 
providing effective anchoring. The multiple -anchor stent 
of the invention is expandable, so that a low profile can 
be maintained while the graf t:-and-stent combinacior. is 
being routed to the aneurysm, and then expanded at the 
time of deployment to a diameter roughly approximat ing 
the diameter of a healthy abdominal aorta and the final 
diameter of the tubular -snap 2d graft. The multirle- 
anchor stent of the present invention has a configuration 
nhat allows the stent to expand radially to a much laiger 
diameter than was heretofore possible, and is provided 
with hocks or barbs along the entire circumference of the 
stent to penetrate the aortic wall at least above the 
aneurysm to help ensure that the graft is anchored in 
healthy tissue. The multiple -anchor stent ie somewnat 
flexible along its longitudinal axis to facilitate 
delivery to the treatment si::e through tortuous blsod 
vessels, but in the expanded condition the multiple- 
anchor stent is sufficiently suable radially to maintain 
the patency of the graft and aorta and to attach :he 
combined structure to the aort Lc walls . 

A3 U3ed herein, the term "proximal 1 ' refers to 
a location near a point of reference outside the patie:it, 
such as an origin or a point of attachment of a catheter, 
and the term "distal" refers tci a location away from :he 
point of reference outside the patient, such as near i:he 
portion of the catheter, stent: or graft farthest away 
from the point of reference outside the patient. 

The invention accordingly provides for an 
intravascular multi- anchor stent for implanting in a body 
lumen. The multi -anchor stent includes a plurality of 
cylindrical elements, that are substantially independent, ly- ' 
expandable in the ..radial . direction , and . that . s.re . 
interconnected so as to be. generally aligned on a common. . . 
longitudinal axis, and a plurality of . the cylindric al 
elements has at least one barb that faces partial ly 
outwardly when the mlt±^^<dM^miL^t\'±B-.ijk an . expanded . 
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configuration for attaching the stent to the body lumen. 
In a currently preferred embodiment , each of the 
cylindrical elements has a plurality of barbs that face 
partially outwardly when the multi-anchor stent is in an 
expanded configuration for attaching the stent to tie 
body lumen. m another preferred aspect of tie 
invention, each of the barbs fares in alignment with t.ie 
common longitudinal axis when the multi-anchor stent La 
in an unexpended configuration. A plurality of 

connecting elements are provided for interconnecting on..y 
-he cylindrical elements that a::e adjacent to each oth, : r 
so that the stent, when expanded in the radial direction, 
retains its overall length without appreciable 
shortening. m a preferred aspect of the invention, ti.e 
plurality of connecting slenents between adjacer.t 
cylindrical elements are in a*ial alignment. In ore 
currently preferred embodiment, the cylindrical elements 
can be formed from a single piece of tubing, and in 
another currently preferred embodiment, the cylindrical 
elements are formed from a flat sheet of material that 
can be rolled into a cylindrical, configuration from tha 
flat sheet of material. In another preferred aspect cf 
the invention, when made from a flat sheet of material, 
the flat sheet of material can h.ive a first longitudinal 
support bar and a second longitudinal support bar whic.i 
mate when the stent is rolled into the cylindrical 
configuration, and the flat shee : of material can have a 
first longitudinal edge with a plurality of first la;: 
joints and a second longitudinal edge with a plurality o:: 
second lap joints, the first lap joints and the second 
lap joints engaging in a matinc- relationship when th<: 
stent is rolled into the cylindrical .configuration. In., 
a currently preferred enux>dijuent r 



is formed of a biocompatible ma tieriai. select ed from the i. 
croup consisting of stainless ..steel, tantalum, and 
thermoplastic polymers... . •*'•••." ' 




(23) WPP8-3 32 22 9 

In one preferred embodiment, a multiple - ar chor 
stent is attached to the dismal end of a tubular craft 
such that at least a portion cf the multiple -anchor stent 
is exposed distally heyond the distal end of the graft. 
The graft-and-stent are deployed intraluminally such that 
the multiple -anchor stent and the distal end of the graft 
are positioned distally of the aneurysm while the 
proximal end of the graft extends proximally of the 
aneurysm. The multiple-anchor stent is provided wi :h a 
plurality of barbs along the length of the stent :hat 
face outwardly when the s:ent is in an expanded 
configuration for penetrating healthy tissue in the 
aortic wall in order to at.tach the graf t-and-sr.ent 
combination to the aortic wal] 

Thus, in one embodiment, a pair of multiple- 
anchor stents can be attached to a tubular graft, one 
stent at the proximal end and one stent at rhe distal end 
of the graft. The stents can be oriented so that vhen 
both the graft and the stents are expanded to laiger 
diameter states, the stents will be coaxial with the 
graft. The cylindrical elements of the stent are 
provided with anchors for penetrating healthy tissue in 
the walls of the aorta above end below the aneurysm, as 
well as along at least a portion of the length of the 
graft, to aid in attaching the combined structure to the 
aortic wall. The anchors can be barbs, and can be of 
various shapes, containing one; or more angles, so tsat 
the anchors effectively will anchor the graf t- and- st ?nt 
combination to the aortic wall , 

The graf t- and- stent combination readily can be 
delivered to tbe aneurysm by mounting it on a balloon 
portion of a delivery catheter , : and. passing the cathet *r- 
graft-stent assembly, through ; the vasculature to :he 
implantation site. A variety :of . means , can be used for 

securing the graf t -and- stent.; combination to- the-- cathe:er 

during delivery. Presently,, iti is preferred to comprass V 
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the stent onto the balloon and regain the stenc on the 
graft on the balloon using a protective sheath. 

These and other aspects and advantages of the 
invention will become apparent from the following 
detailed description, and tie accompanying drawings, 
which illustrate by way of example the features of the 
invention. 

detailed description _og thtt EBEE SSSEB mSMSH imSls 

Exact placement of an anchoring stent wish 
anchors located solely aC ons part of ths srant 
heretofore critical in properl- securing the stent f c r 
repairing an abdominal aortic aneurysm. It also is 
possible that the area of the aorta where anchoring barls 
conventionally would be deployed would not be healthy 
enough to properly secure the entire device. 

With reference to thi drawings provided for 
illustrative purposes, the invention accordingly provides 
for an intravascular multiple -anchor stent for use wit i 
catheter-graft delivery systems ,:or repairing diseased o - 
injured vessels, and most notably for treating aneurysms 
especially aneurysms of the abdominal aorta. Wit :, 
reference to Figs. 1-7 , in a currently preferred 
intravascular multiple-anchor stent 10 the inventio, 
wnach generally comprises a plurality of cylindrica" 
rings 12 that are spaced closely -nough together to allov 
the stent to provide a reliable means of attaching t 
graft at the treatment site, tut are not so tightly 
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spaced as to inhibit the flexibility of the combination. 
The cylindrical rings ar<; connected together by 
connecting members 14. Each cylindrical ring typically 
has a serpentine configuration or wave pattern, having a 
series of alternating peaks 16 and valleys 18. The 
degrees of curvature indicated by arrows 3 along adjacent 
peaJcs and valleys are different. Attachment elements or 
anchors 20, shown in Fig. 1 in the form of barbs, can be 
provided on the ends of a plurality of the outwardly 
facing arches of valleys 18 in the rings that rorate 
outwardly when the stent is expanded , to engage with the 
aortic wall when the stent is deployed, so that eac.i of 
a plurality of cylindrical elements has at least one ?arb 
that faces partially outwarc.ly when the multi-an:hor 
stent is in an expanded confirmation for attaching the 
stent to the body lumen. In a currently preferred 
embodiment , as is illustrated in Fig. 1, each of the 
cylindrical elements has a plurality of barbs that ::ace 
partially outwardly when the nulti-anchor stent is i:i an 
expanded configuration for attaching the stent to the 
body lumen. As is shown in Fig. l, the configuration of 
the barbs is preferably such that a barb is placed on 
each outwardly facing arch of the valleys 18, so that, in 
a currently preferred embodiment, the stent currently has 
eight valleys per ring, providing eight anchors per ring. 

The expansion properties of stainless steel 
make it a preferred material for the stent 10. As is 
described more fully below, the stent, including the 
barbs 20, can be formed from a flat sheet of materia] by 
chemically etching, laser cutting, or electrcnic 
discharge machining (EDM) , aid the like. It also is 
contemplated that , the barbs can be ^Ebrmed independently 
of the stent and subsequently attached to it by welding, 
brazing or another process with the. equivalent effect* 
The body of the stent -has . a. width. W and a length L, such ■ 
that the length, will .be parallel ..with the longitudinal- 
axis a of the stent when .the body of . the stent is rolled ' : 
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into a cylinder. To secure the stent in a configuration 
as a cylinder, the lengthwise edges 28 and 30 of ;he 
stent body shown in Fig. 1 ran be connected witr a 
suitable means such as by welding / brazing, soldering or 
with adhesives. A yttrium aluminum camet (YAG) laser is 
particularly suitable for welding lengthwise edges 28 30 
together to form the body of the stent in a cylindrical 
configuration illustrated in Fig. 2. 

In a presently preferred embodiment, it is 
contemplated that a stent with the dimensioaial 
characteristics described below would be suitable for v.se 
with a graft in AAA procedures:, and with a variety of 
vascular anatomies. It is clesir, however, that a stent 
with other dimensions equally might be useful in a grj f t 
delivery procedure. Preferably, stent 10 is formed fjom 
a flat sheet of stainless steel. For a flat sheet, prior 
to being rolled into a cylindrical shape, width W of the 
stent can be approximately 16 millimeters (0.63 inches), 
while length L of the stent can be in the range of abcut 
5.1 to 50.8 millimeters (0.2 inches to about 2.0 inches). 
It is desirable for connecting members 14 to have a 
transverse cross -section similar to the transverse 
dimensions of the serpentine or undulating components of 
the expandable rings or bands. The maximum width at the 
base of each anchor or barb :ypically is about 0.30 
millimeters (0.012 inches), and the length of the shaft 
of each anchor or barb typically is about 0 . 51 
millimeters (0.020 inches). As stated, these dimensions 
are preferred, but the selection of the most appropria-e 
dimensions in a particular clinical situation may vary 
considerably from patient to patient . 

After the stent 10 has been rolled and joined 
in a cylindrical configuration from a flat sheet, tne 
stent can be uniformly expanded in a radial direction, 
both to a significant degree and without large variation 
in the level of diametric expansion of each cylindrical 
ring. The cylindrical rings 12 are transverse to trie 
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longitudinal axis A of the finished stent, and :he 
varying degrees of curvature B between peaks IS md 
valleys 18 tend to equalize ths stresses experienced by 
the stent during expansion, so i;hat the peaks and valleys 
of each band deform radially with substantial uniform. ty 
upon application of an expansion force. The uniipje 
structure of the stent permits 1;he stent to increase f::om 
an initial, small" diameter to any number of larger 
diameters. The interconnections 14 between adjacent 
cylindrical rings are aligned with other interconnections 
between the other cylindrical rings, such that i.he 
interconnections traverse the distance between the pe£.Jc3 
16 of consecutive cylindrical rings. Each of the barbs 
also preferably faces in alignment with the comr.on 
longitudinal axis when the mulci-anchor stent is in an 
unexpanded configuration. This manner of connection of 
the cylindrical rings by interconnections 14 t> us 
constrains shortening or contraction of the stent alcng , 
its longitudinal axis during radial expansion abcur 
longitudinal axis A. This configuration also limits 
twisting of the stent upon expansion, and enhances mere 
uniform expansion. The in -phase cylindrical ring 

patterns further are believed ;o reduce the likelihcod 
that the stem or any portion of it will recoil, or 
collapse back to its starting d:.ameter after deployment. 

The number and orientation of interconnecting 
members 14 can be varied in order to maximize the desired 
longitudinal flexibility of the stent structure, both in 
the unexpanded and in th-2 expanded condition. 
Flexibility is advantageous during deployment of trie 
graft and stent because it improves the ease and safety 
with which the combination can be delivered through the 
vascular system to the aneurysm. Following affixation Df 
the stent to the aortic wall, longitudinal flexibility 
raznimi2es alteration of the natural physiology of the 
aorta due to the implant and helps to maintain compliance 
of the portions of the vessel ^ The" 
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discrete rings also have the capacity to rotate slightly 

with respect to each othir without causing any 

significant alteration of the tasic cylindrical structure 

of the stent. Accordingly, :he cylindrical rings and 

connections cumulatively result in a stent that is xexy 

flexible along its length or longitudinal axis, but which 

provides uniform expansion and is very stable and 

resistant of collapse. The reticulated structure 

supplied by the patterning allows for the perfusion of 

arterial blood into the region of the aortic wall to 

which the portion of a stent extending beyond the graft 

is attached to anchor the graft in place . Such perf us ion 
promotes assimilation of the s^nnthetic prostheses by ;he 
aorta, and more generally, heading of the treated site. 

The more uniform radial expansion of tiia 
design results in a stent 10 l:hat can be expanded to a 
large diameter without substantial out-of -plane twisti:ic, 
because no high stresses are concentrated in any one 
particular region. Rather, the forces are eye:ily 
distributed among the peaks and valleys, allowing ;he 
cylindrical rings to expand ur.iformly. Minimizing uhe 
out-of -plane twisting experierced by the stent dur:.ng 
delivery and deployment cf the graf t-and- st<:nt 
combination also carries with it the benefit of 
minimizing the risk of thrombu:; formation. The special 
expansion characteristics of the stent of the invent; on 
also allow any portion of the stent that extends distahly 
or proximally of the graft to continue to expand even 
when the graft has achieved it:; maximum cross-sectior al 
dimension, so as to more securely affix the graf t-ar d- 
stent combination to the vessel above and below the 

aneurysm. ' ■•".\: : : ^ 

The uniformity in stress . distribution further, 
reduces the likelihood that fractures in the stent will 
occur due to stresses applied to any particular, region or 
cylindrical ring of the stent.. This feature also 
contributes to the ability of the stent to fa* expanded to 
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a greater degree and at a faster rate than was feasible 

previously with other designs. Radial strength is not 

sacrificed upon expansion end the degree to. w!iich 

expansion causes longitudinal contraction, and this a 

shortening of the stent, is minimal. 

In keeping with th<i invention, it should be 

recognized that the attachment elements or anchors 20 can 

be provided in a variety of shapes and configurations 

other 'than barbs to insure adequate attachment of on?i or 

more stents, and to allow assimilation of the stent i.nto 

the aortic wall of the aorta through endothelial tissue 

growch while the healing process is taking place. 

Details of the various processes by which the 

stainless steel stent can be manufactured can be found in 

co-pending U.S. Serial Nos. C8/175,214 and 08/164,5 86. 
Briefly, the stainless steel stent can be formed by a 
chemical etch process out of s. flat sheet or a piece of 
tubing. The areas of stainless steel to remain are 
identified by covering the regions with a mateiial 
resistant to the chemicals used in the etching process, 
such that when the metal is exposed to the chemicals, the 
openings or reticles in the patterned structure are 
created by reaction of the chetrical3 with the unprotected 
areas of the steel. The etching process develops smcoth 
openings in the sheeting or tubing devoid of burrs or 
other artifacts that can be characteristic of other 
processes when products of the small sizes contemplated 
here are manufactured. An el? ctropclishing process nay 
be used after the chemical etching is complete in orier 
to polish the stent surface. The stent surface can be 
polished to an approximately 0,0013 to 0. 000254 (5 tc 10 

micro inch) finish..;;'; . ^.::^:v ; .:^-\ : /->'..:^ 

There are numerous advantages in chemically 
etching a flat sheet of material, such as stainless 
steel, into the. stent of the present invention. For 
example, chemical etching is economical since a large 
number of stents can be chemically etched on the same 
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flat sheet at the same time. The chemical etching 
process creates no burrs and t.he surface finish of the 
eventual inside diameter of the stent can be improved by 
electro-polishing on one side only. Further, chemical 
etching creates no extra heat|t reating to the parts that 
are being processed. The raw material wall thickness and 
grain structure is more uniform in a flat sheet as 
opposed to chemical etching a stainless steel tuba. 
Further, in a flat sheet, the hovel of the etching can 
controlled, whereas when tubing is etched, the bevsl 
creates a thicker part on th.j inside diameter and a 
thinner part on the outside diameter. 

An important advantage of chemical etching tie 
stent of the present invention from a flat sheet af 
stainless steel material is that, a process known as "st >p 
etching" can be used. For example, by using step etching 
in the areas of the attachment elements or barbs 20 .n 
FIG. 3, it is possible to remove portions of material :ia 
that the barbs will bend outwardly when the stent ..s 
expanded. In other words, step etching ellows for the 
removal of material in highly selective areas so thi.t 
upon radial expansion of the stent, areas having lei;3 
material will have a tendency to bend or distort, such «3 
with the barbs bending outwardly to engage the aort j c 
wall . 

Photo- lithographic techniques also can 1 e 
employed for the manufacture Df the stents, using a 
computer-controlled laser patterning process to remo^ e 
the chemically resistive coating applied to the mets 1 
sheet or tube. A plurality of stents can be formed frcm 
one length of sheeting or tubinc , by repeating the stert 
pattern 2nd providing small webs, or, tabs to. interconnect 
the stents. After the etching process/ the stents can fee 
separated by severing the small webs or tabs . 
Subsequently, if the stents were formed on a sheet, the 
individual stents are rolled and the edges welded 
together to provide a . cylindrical cohf iguration. .. - Yet 
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another method of making the stent of the present 
invention is by the commonly .cnown process of electronic 
discharge machining (EDM) . Using EDM, the stainless 
steel stent can be formed from a flat sheet or from a 
section of tubing. 

In one preferred method of making stent 1), a 
laser is used to cut the stent 10 and anchors 20 ou : of 
a flat sheet or piece of stsinless steel tubing. The 
laser settings can vary widely depending on the mater. la 1, 
the shape of the stent being rut, and the end use. the 
laser cutting method described in U.S. Serial No. 
08/233,046, entitled "Method and Apparatus For Laser 
Cutting Small Objects," vhich is copending, is 
particularly instructive as to the manufacturing method 
of making stent 10 using a laser. 

When stent 10 of the present invention is nade 
from a material that is difficult to detect ur der 
fluoroscopy, such as stainless-steel, it is desirable to 
incorporate radiopaque markers to identify the position 
of the grafc-and-stent assembly during deployment. The 
stent 10 of the present inven:ion can be coated with a 
metal film that is radiopaque, such as gold, silver, 
platinum, tantalum and the li*e. One method of coating 
the stent cf the present indention with a radiopaque 
marker is disclosed in copending U.S. Serial tfo. 
08/233, 046. 

One preferred method of incorporating the st=nt 
of the present invention into ;i graft delivery system is 
illustrated in FIGS. 8-10. Delivery system 50 is used to 
deploy tubular graft 52 at the sice of abdominal aor:ic 
aneurysm 54 via stents 56 and 58. The structure of 
stents 56 and 58 / the materials: .from which the stents sire 
made, and the processes that might be used to form ;he 
stents are set forth in detail in connection with ;he 
discussion of Figs, 1-7. It is contemplated that t li s 
use of the stent could be accomplished With a wide 
variety of graft t^es iM^ 
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and bifurcated grafts. Due principally to the ability of 
the stent of the invention to expand from a very sms.ll 
diameter to a much larger diameter without subetant: al 
shortening, a relatively short length can be used. The 
graft system is sized so that its cross-section 
substantially matches that of the healthy portion of the 
aorta . 

Delivery system 50 includes multilumen catheter 
SO of the type used in other percutaneous procedures for 
deploying stents and other prostheses to repair porticns 
of blood vessels. The catheter has a first lunen 
extending along its length which is in communication with 
two expandable members or ballonns disposed at the distal 
end of the catheter- The balloons are spaced apart fsr 
a distance that is slightly lej;s than the length of trie 
shortest graft intended to be daployed using the syste-n. 
Pressurized fluid or gas can be introduced into tie 
balloon lumen to inflate the balloons, to exert =n 
outward radial force on anything disposed abcut t ie 
balloon . 

After stents 5 6 and .58 have been attached :o 
grafu 52, the graft -and-stent combination is leaded on :o 
the distal end of catheter 60. The combination .s 
positioned so that each stent cverlies a balloon 62 a: id 
the graft rests over and is substantially coaxial wi<:h 
the portion of the catheter that is between the tuo 
balloons. In order to insure that the graft and stenr.s 
remain in this position until the deployment function :.s 
accomplished, the two stents arfi compressed or n crimped" 
onto the balloons prior to insertion of delivery Systran 
SO into the patient. The graft and stents also can 3>e 
secured by positioning the stents between ridges or., 
collars provided on the expandable members, which wij 1 
restrain lateral movement of the combination. . .. 
Alternatively, biodegradable adhesive s might be used 1o 
temporarily affix the stents to. .the., balloons, tJ»e. . .. 
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adhesives being subject to degradation and absorptio.i by 
the body when it is desired tc deploy the graft. 

Catheter SO further is provided with sheatii 64 
that helps to hold the gr<ift and stents onto the 
catheterg and which prevents direct contact of the 
elements of the combination wit.h the walls of the vessels 
while the system is being advanced to the treatment s:te, 
thus protecting the vascular system of the patient j rom 
any sharp edges on the stents. Rod or wire 66 or other 
suitable mechanical element i.«j connected to the sheath 
and extends proximally along the length of the catheter 
so that it can be manipulated by the physician extezior 
to the patient and retracted (proximal ly) at the time of 
deployment. Alternatively, a sheath can be provided that 
traverses the entire length of the catheter, and can be 
retracted (proximally) from outside the patient to expose 
the graft -and -stent combination. 

The catheter has a second lumen through which 
guidewire 68 passes. The gu:.dewire advantageously is 
advanced through the vasculature of a patient beyond :he 
site of aneurysm 54 as a preliminary step in the grift 
delivery procedure. After the guidewire has b ien 
positioned, the catheter carrying the graft and stents is 
advanced over the guidewire. although a particular form 
of catheter has been describee to route the graft -a: ld- 
stent combination to the aneurysm, it will be apparent to 
those skilled in the art of treating aneurysms iind 
similar conditions and of percutaneous catheter des:.gn 
that catheters of various configurations or wires ;ind 
rods or the like could be usee, successfully to perform 
the same function. For example, well known fixed w:.re 
and rapid exchange wire systems^ also can be used -in 'the'."'- 
delivery system described Herein; . :. . 

Attachment elements or barbs 20 are provided 
along the length of stent 5B, which ultimately w. 11 
attach the graft -and- stent combination to regions in t he 
intima or aortic wall. The barbs anchor the stents ««nd 
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the graft while the implantation process is on going, and 
before the body has naturally assimilated the combination 
through intergrovth of endothelial cells. Stent 56 and 
stent 58 can be affixed to an end of graft 52 by staples. 
Other appropriate means mig.it be used, such as a 
biocompatible adhesive, for example an epoxy resin, to 
attach stents 56,58 to graft 52. Alternatively, the 
stent might be sewn onto the graft at selected points. 
At least a portion of stents 36, 58 extend out of graft 
52, and if the stents and graft are joined by a batt 
joint, then substantially all of the stent will extend 
out of the graft. 

In FIG. 8, all of the elements of craft 
delivery system 50 except the ciistal end of guidewire €8 
are shown positioned proximaliy of aneurysm 54, before 
graft 52 and stents 56 and 58 have been deployed. Sheith 
64 of catheter 60 covers the ;fraft and stents disposed 
about balloons 62, and the distal end of the guidew;.re 
has entered the region of the lorta that is affected by 
the aneurysm. In FIG. 9, :he sheath . is withdrawn 
(proximally) exposing the graft- and- stent combination «.nd 
the catheter is advanced so :hat the graft -and -stmt 
combination span| the aneurysn. The balloons 62 * re 
inflated by the pressurized fluid or gas source exten al 
to the patient, and the racial forces accompanying 
expansion of the balloons are applied to expand both the 
graft and the stents radially outward, pressing be th 
elements against aortic wall 72 proximal to and distal to 
the aneurysm. Barns 20 provided on the stent 58 beccme 
embedded in the aortic wall 72, to anchor the graft-ard- 
stent combination against downstream arterial pressure 
while the healing process takes, place . \ In PIG. 10, the 
delivery apparatus has been withdrawn and the graft -an d- 
stent combination is in final position across the 
aneurysm and attached to healthy tissue in aortic wall 
72. it should be understood that when tubular graft 52 
is expanded it is not stretching or deforming but is 
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simply opening from a closed diameter to an open and 
expanded diameter. The grc.ft material generally is 
inelastic and can be made from any number of materials 
compatible with the body such as polyester fiber nade 
from polyethylene terephthalat e, sold under the trade nark 
"DACRON" by the E.I. duPont deNemours :o. ; 
poiytetrafluoroenhylene sold under the trademark "TEFLON" 
by E.I. duPont deNemours; and other suitable polymsric 
materials . 

Another preferred method of incorporating a 
stent according to the present invention into a g:raft 
delivery system is illustrated in FIGS, ll and 12. :?his 
embodiment differs from that shown in FIGS. 8-10 in l.hat 
a single stent is used to anchor the graft in FIGS. 11- 
12, while two stents were used in FIGS. 8-10. A sii.gle 
stent is appropriate in the aurta where blood pressures 
can exceed 100 ram/Hg, which isi enough force to hold the 
proximal end of the graft in place without the need for 
an anchoring stent on the proximal end of the graft. 

Delivery system 80 (FIGS. 11-12) is shown in 
the abdominal aorta, just prcximal to aneurysm 54. A 
single stent 82 is attached by its proximal end to the 
distal end of graft 52 by staples, adhesive, or by seving 
or other appropriate means as previously described. The 
craft -and- stent combination is mounted on catheter 6 0 and 
the stent is crimped or compressed onto balloon 62. 
F.e tractable sheath 54 covers and protects both the graft- 
and-stent combination durincf delivery through the 
vascular system until sheath 64 is withdrawn proximally 
to allow deployment of the combinat ion . Barbs 20 ext and 
from the most distal cylindrical element 12 to attach :he 
graft and stent to aortic wall . 72 . .. As can be understood, 
with reference to FIGS/ 11 and 12 , the stent is affixed 
to the distal end.. of the giaf t ;so ' that . it substantially 
extends out of the graft, with the result being tnat . 
radial expansion forces can .be -applied to the stent by .' 
inflating balloon 62. of catheter 60 and simultaneously. . 
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applying expansion force to graft 52. The stent is 
expanded simultaneously with the graft to drive barbs- 20 
into aortic wall 72 in healthy tissue distal to aneuiysm 
54, to anchor the combination to the vessel. 

Another embodiment using the stent of the 
present invention in a graft delivery system is 
illustrated in FIGS . 13 and 14. Delivery system 90 
includes stent 92 which is coaxial with and which extends 
the length of and beyond graft 52, such that first 
portion 94 of stent 92 extends proximal ly of graft 52 and 
second portion 96 extends distally of the graft. The 
cylindrical elements 12 of the first portion 94 and Lhe 
second portion 96 of the stent 92 are equipped with barbs 
20, aB is shown more clearly and in greater detail in 
Fig. 1, which will be reliod upon at the time of 
deployment to anchor the graft -and-rstent combination to 
healthy aortic tissue while the prosthesis is accepted by 
the body of the patient. 

Balloon 98 necessarily must have a much grea ;er 
length when measured along a longitudinal axis of st mt 
92 than the balloons of previously described embodiments, 
because the stent of this embodiment is at least double 
the length of either of the two stents used in i:he 
preferred method of delivering zhe graft and of the stunt 
used in the embodiments of FIGi' . 8*12. 

As can be seen with reference to FIG. 14, stunt 
92 and graft 52 which overlies it are positioned so that 
the graft spans the length of aneurysm 54. Balloon 98 
then is inflated with pressurised fluid or gas to expand 
both the graft and the stent simultaneously and to force 
barbs 2 0 into engagement with aortic wall 72 distally of 
the aneurysm. The (expandable member, then is deflated s rid . 
the delivery-system withdrawn 1^ 
combination in place in the blood vessel ... 

With ref erence to .Pi^f : 15, an .. alternative 
embodiment of the intravascular mu It iple^ anchor stent is 
illustrated, the plurality^ of ..cylindrical rings ... 3 12 
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forming the stent 110 ars connected together by 
connecting members 114 , and peaks 116 of at least one 
cylindrical ring at an end 117 of the stent to be secured 
within the graft 12 2 have barbs 12 0 that are pointed 
toward the longitudinal middle of the stent, away from 
the end 117 of the stent. Barbs 120 at the opposing end 
124 of the stent no be secured to the vasculature are 
pointed toward the longitudinal middle of the sten: in 
the opposing direction, away from end 124, so that the 
stent will simultaneously grip the vasculature and the 
graft to hold the graft and s lent in place, relative to 
the vasculature. 

Referring now to Fijj. 16, another alternative 
embodiment of a intravascular multiple -anchor stent is 
illustrated. In this enlarged view, the surface of sl:ent 
13 0 can be covered with barbs 14 0 that can be formed in 
the surface of the cylindrical elements 132, including 
the surface of the peaks 13C and valleys 138 of the 
cylindrical rings 132, and the connecting members 134 to 
provide a sandpaper effect of raised, pointed, 
directional bumps of the surface of the stent. As is 
shown in Fig. 17, multiple barbs 142 also can.be formed 
on the outer edges of the peaks and valleys of the 
cylindrical rings so that th-2 barbs will be directed 
outv/ardly when the stent is expanded, to allow the stent 
to better grip whatever portion of the vasculature ccmes 
in contact with the stent. 

While the invention has been illustrated and 
described herein in terms of .its use as an endoprosthesis 
for implanting a graft to treat an aneurysm, it will ba 
apparent to those skilled in the art that the stent ran 
be used in other instances in other vessels of the body 
Because the stent or the present invention has the novel 
features of attachment elements and the capacity to 
expand quickly from . relativ^ to . 

relatively large .diameters ;^'-:V^Sv"Wt6nt:--;is'-. particularly 
well suited for implantation ^: in alinbst.. any vessel, whare 
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such devices can be used. This feature, coupled with the 
fact that the stent does not contract or recoil to any 
great degree after it is radially expanded, provides a 
highly desirable support member for other types :>f 
endoprosthesis . 

In the foregoing description, statements 
concerning specific dimensions are given by way z>f 
example, and it should be apparent to one of ordinary 
skill in the art that other sinilar dimensions may also 
be suitable according to the principles of the invention 
It will therefore be apparent from the foregoing that 
while particular forms o£ tie invention have be sn 
illustrated and described, various modifications can 
made without departing from the. spirit and scope of tie 
invention. Accordingly, it ia not intended that tie 
invention be limited, except as by the appended claims. 



(39) 



'#B ! ^8-3 3 



4. Brief Description of Drawings 

Fig. 1 is a plan view of a multiple -anc hor 
stent prior to rolling into a cylindrical configuration; 

Fig. 2 is a perspective view of a portion of 
the stent of Fig. 1 roi.led into a cylindrical 
configuration; 

Fig. 3 is an enlarged partial plan view of the 
stent of Fig. 1/ 

Fig. 4 is a plan view of a portion of the stant 
of Fig. 1 in an unexpanded configuration; 

Fig. 5 is an elevational view of the portion of 
the stent taken along line of Fig. 4; 

Fig. 6 is a plan vie* of a portion of the st >nt 
of Fig. 1 in an expanded conf iguration,- 

Fig. 7 is an elevational view of :he portion Of 
the stent taken along line 7-7 of Fig. 6; 

Fig . 8 is an elevazional view, partially in 
section, of a pair of multi-^aichor stents incorporated 
into a graft and a delivery system to deliver and deploy 
the stents and graft; 

Fig. s is an alevanional view, partially in 
section, of the multiple-anchor stent, graft and delivery 
system of Fig. 8 after the graft -and-stent combination 
has been advanced and deployed in the region of an 
aneurysm and the stents have been deployed. 

Fig. 10 is an elevational view, partially in 
section, of the graft -ancVsxehc combination of Fig, 8 
after the combination has been deployed and the catheter 
withdrawn; 
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Fig. 11 is an elevaiional view, partially in 
section, of another means by which a stent according to 
the invention can be incorporated into a graft delivery 
system, depicting the system prior to advancement of tr.= 
graft -and- stent combination into the region of an 
aneurysm; 

Fig. 12 is an elevat ional view, partially in 
section of the delivery system of Fig. li after tha 
graft -and- stent combination has been advanced an i 
partially deployed in the regie n of an aneurysm; 

Fig. 13 is an elevat ional view, partially i:i 
section, of an alternate means ;iy which a stent accordin j 
to the invention can be in: orporated into a graf : 
delivery system, depicting prior to deployment of th: 
graft-and-stent combination; 

Fig, 14 is an elevational view, partially is 
section of the delivery system Df Fig. 13, depicting thi; 
system curing deployment cf the graf z -and- stem: 
combination ; 

Fig. 15 ia a perspective view of a portion cf 
an alternative embodiment of c stent according to the: 
invention having barbs at one erd facing in one direction 

and barbs at the opposing end facing in the opposinrf 
direction; 

Fig. 15 is an enlarge 3 partial plan view of ci. 
alternative embodiment of a stent according to the. 
invention having a plurality of barbs on the surface ol 
the peaks and valleys of the cylindrical elements of the 
stent ; and • • "' • 

Frg. 17 is an enlarged partial plan viev 
similar to that \of Fig .v.-; iisv/Ziliiistratirig ..another. . 
alternative embodiment . of . a stent according to the • 
invention providing a plurality of ; barbs on. the outer "'■ 
edges of the peaks and . valleys of the cylindrical .. 
elements of the stent. 
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FIG. 6 



(44) 



^§3^8-3 3 2 2 2 9 




(47) 



f$$¥8 -3 3 2 2 2 9 




(48) 



mp8-3 3 2 2 2 9 




(49) ^-¥8-3 3 2 2 2 9 




(51) 



»R¥8-3 3 2 




1. Abstract 
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The intravascular n.ulti -anchor stent inc Ludes 
a plurality of cylindrical elements that are 
independently expandable in tr.e radial direction and that 
are interconnected so as to be generally aligned on a 
common longitudinal axis, and a plurality of barbs along 
the entire circumference of the stent that face outwardly 
when the stent is in an expanded condition. A plurality 
of connecting elements are provided for interconnecting 
only the cylindrical elements that are adjacent to each 
other so that the stent, wh ;n expanded in the radial 
direction, retains its overall length without appreciable 
shortening . 

2. Representative Drawing 
Fig. 1 
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